In a cross-sectional population-based study the association between the menstrual pattern in ninth grade schoolgirls and calendar age, gynaecological age, body mass index (BMI) and historical parameters was investigated. The survey was held in a combined urban and rural region, south of Amsterdam. A total of 2480 adolescents, mean age 15.3 ⍨ 0.6 (SD) years, answered a questionnaire: response 92%. The menstrual cycle patterns were categorized to regular menstrual cycles (RMC), irregular menstrual cycles (IMC), oligomenorrhoea, polymenorrhoea, pre-menarche, <6 months after menarche, and oral contraceptive use. Gynaecological age was strongly associated with the prevalence of IMC but only weakly with the prevalence of oligomenorrhoea. In a logistic regression analysis gynaecological age, subjective acne and intellectual performance were independently associated with oligomenorrhoea. Gynaecological age, low BMI, chronic nonspecific lung disease (CNSLD) or allergic disease, stress and strain, weight loss of >5 kg were independently associated with IMC. More than 8 h sports per week was associated with not having experienced menarche in the ninth grade but not with menstrual cycle disturbances. The association between CNSLD or allergic disease and IMC has not previously been described. The associations between weight loss, low body weight, stress, physical exercise or signs of hyperandrogenism and menstrual cycle patterns in adolescents are weak when studied on a population basis. The value of these parameters to explain abnormal menstrual cycle patterns is limited.
Introduction
Irregular menstrual cycles (IMC) during puberty have been considered part and parcel of development and have been explained by incomplete maturation of the hypothalamicpituitary-ovarian axis. During puberty, menstrual cycle abnormalities may also be associated with all kind of causes for menstrual irregularity known in adults such as strenuous physical exercise, psychosocial stress, low body weight and endocrine disturbances. Physicians tend to reassure adolescents that menstrual problems will be transient (Bachmann and Kemmann, 1982; Gardner, 1983) . However, some studies showed that menstrual cycle abnormalities during adolescence may continue during adulthood and in the end will be associated with subfertility (Southam and Richart, 1966; Gardner, 1983; Apter and Vihko, 1990) .
Longitudinal data on the natural history of the menstrual cycle during adolescence are scarce. To further elucidate this objective the POMP study (Pubertal Onset of Menstrual cycle abnormalities: a Prospective study) was started.
In the present paper cross-sectional data will be presented on the epidemiology of the menstrual pattern among ninth grade (14-17 year old) schoolgirls. The association of this pattern with calendar age, gynaecological age, body mass index and historical parameters is described.
Materials and methods
The POMP study was started in 1991. The survey was held in a combined rural and urban region, south of Amsterdam, in close collaboration between the Division of Reproductive Endocrinology and Fertility of the Academic Hospital of the Free University and the department of Youth Health Care of the Public Health Care Service in this region. Of the 22 secondary schools in the region 20 participated in the study. During the school years 1990/1991, 1991/ 1992 and 1992/1993 , ninth grade schoolgirls, mean age 15 years (range 14-17 years), were approached to participate in the study. The choice for the ninth grade was made on the estimation that only 5% of ninth grade girls would be before menarche and therefore would not be able to provide information about their menstrual cycle pattern.
Questionnaire and interview
To motivate the schoolgirls to participate, information meetings were organized at the schools. After this meeting a questionnaire was distributed. The questionnaire included the following issues: birth date, age at menarche, general health, sports, stress and strain, weight loss, subjective impression of overweight, abnormal body hair or acne, nipple discharge, menstrual cycle pattern during the last year and menstruation characteristics. Level of education was recorded as the academic achievement of the school the participant attended during the study, classified as low (lower vocational education), lowintermediate (lower general secondary education), high-intermediate (higher general secondary education) and high (pre-university education). The gynaecological age (months) was calculated by subtracting the age at menarche (months) from the calendar age (months). A total of 1544 girls knew the exact month and year of menarche, 528 only remembered the age at menarche and 39 could not remember their age at menarche. When the participant could not remember the month of menarche, it was assumed that menarche had occurred in the sixth month of the year of life mentioned as age at menarche.
The girls filled out the questionnaire at home. It was then handed in after 1 week, during an individual, structured interview at school in schooltime. In the case of disparity in the answers of the questionnaire it was attempted to clarify this during the interview. After the interview, weight was measured using a mobile springscale (Seca, Germany) and height by means of a mobile measuring rod (Microtoise; Stanley Mabo, France).
Stratification according to menstrual cycle pattern
The adolescents were stratified in groups according to menstrual cycle pattern. The classification was based on the following questions: (i) Did you already have periods? (ii) At what age did you have your first period? (iii) Do you remember the date or month of your first period? (iv) Are you using oral contraceptive pills? (v) What was the average length of your menstrual cycle in the past 6 months? (a) generally 21 days or less; (b) generally between 22 and 42 days (c) generally more than 42 days; (d) the length of my menstrual cycle was very irregular with varying short and long lengths; (e) others, namely.... (vi) How many periods did you have in the past 12 months? (a) none; (b) 9 or fewer; (c) 10-12; (d) 13-16; (e) 17 or more. During the interview the occurrence of menstrual cycles with lengths of shorter than 22 and longer than 42 days was asked for and an estimate was made of the average length of the menstrual cycle.
Definitions of menstrual cycle patterns: (i) pre-menarche: no menarche and still before the 16th birthday; (ii) Ͻ6 months postmenarche: menarche less than 6 months before participation in the study; (iii) primary amenorrhoea: menarche not established and after 16th birthday; (iv) secondary amenorrhoea: the absence of menstruation for 180 days or more; (v) oligomenorrhoea: average length of the menstrual cycle between 42 and 180 days; (vi) polymenorrhoea: average length of the menstrual cycle 21 days or less; (vii) regular menstrual cycles (RMC): average length of the menstrual cycle between 22 and 41 days; either none or a single menstrual cycle with a length of less than 22 or more than 41 days during the past year; (viii) IMC: average length of the menstrual cycle between 22 and 41 days; two or more menstrual cycles with a length of less than 22 or more than 41 days during the past year; (ix) oral contraceptive use: use of oral contraceptives for contraception, IMC, dysmenorrhoea or acne.
Exclusion criteria
Participants using hormonal medication other than oral contraceptives or insulin, girls of whom one or both parents was not of western European descent and participants with incomplete questionnaires were excluded. Non-western European girls were excluded because the age at menarche, and the prevalence of menstrual cycle disorders and hirsutism differs in various populations (Franks, 1995) . Furthermore, the ethnicity of this group was very heterogeneous and the separate groups were too small for statistical analysis.
Ethical considerations
The study has been approved by the Committee on Ethics of Research involving Human Subjects of the Free University Hospital in Amsterdam. The volunteers were all underage. On the basis of the idea that adolescents gradually mature between the ages of 12 and 18 years, the following policy was developed in collaboration with the ethical committee.
During 
Results

Response
Of 2705 questionnaires distributed, 2480 were answered by schoolgirls, mean age 15 years and 4 months, a response rate of 92%. The response rate on the interview was 83%. In four cases parents refused participation of their daughter. The questionnaires of 232 respondents were excluded of whom 207 for the reason that one or both parents were not of westEuropean descent. Table I shows the response by level of education.
For the first year of the study an estimate was made of the effect of the non-participating schools on the response. At that time 1160 ninth grade schoolgirls lived in the region of whom 1002 (88%) attended schools that participated in the study. The schoolgirls in the non-participating schools, classified according to academic achievement, represented 11% at the high level, 15% at high-intermediate level, 16% at the lowintermediate level and 10% at the low level. After correction for the non-participating schools, the response in the source population was 83% for the questionnaire and 74% for the interview.
Menstrual cycle pattern: calendar age, gynaecological age and level of education Despite much attention being given to explaining the calculation of the length of a menstrual cycle in the information prgmea.com meetings, during the interview it became clear that the most frequent mistake made was reporting an average length of the menstrual cycle of less than 21 days due to the calculation of the days between the last day of a period to the first day of the next period. Occasionally skipping a menstrual cycle or a period of vaginal bloodloss between two normal menstruations was reported by~4% of the participants, who otherwise had had RMC. These participants were categorized within the regular menstrual cycle group. Adolescents with RMC who reported an average length of the menstrual cycle between 22 and 35 days amounted to 98% of the total. In the irregular menstrual cycle group~58% had an estimated average length between 22 and 35 days, 32% between 36 and 41 days and in 10% of the cases a reliable estimation was not possible. Polymenorrhoeic girls reported RMC with an average length between 18 and 20 days. Adolescents with oligomenorrhoea reported an average length of the menstrual cycle between 6 and 26 weeks with a wide variation in the menstrual cycle length within the individual participants. Table II shows the calendar age, age at menarche, gynaecological age and BMI of the population stratified to menstrual cycle pattern. The correlation coefficient between calendar age (months) and gynaecological age (months) in the RMC group was 0.42 (P Ͻ 0.01, 95% CI 0.38-0.46). In the RMC group, both calendar age and gynaecological age had a significant correlation with body mass index (r ϭ 0.13, n ϭ 1254, P Ͻ 0.01, 95% CI 0.08-0.18, and r ϭ 0.29, n ϭ 1240, P Ͻ 0.01, 95% CI 0.23-0.35) respectively. In a multiple regression Figure 1 . The relationship between gynaecological age (calendar age minus age at menarche) and body mass index (BMI; kg/m 2 ) in adolescents with regular menstrual cycles during the first 5 years after menarche. p5, p25, p50, p75, p95 indicate respectively 5th, 25th, 50th, 75th, 95th percentiles. model with BMI as dependent variable and calendar age and gynaecological age as independent variables, calendar age had no independent contribution (F ϭ 0.75, P ϭ 0.39) above gynaecological age (F ϭ 82.2, P Ͻ 0.001). Figure 1 shows the correlation between gynaecological age and BMI in the RMC group. difference in prevalence of oligomenorrhoea between high and low levels of education. The trend in prevalence of RMC by level of education disappeared after reclassification of OC users to the menstrual cycle pattern before OC use. The χ 2 value for a linear trend in the prevalence of oligomenorrhoea by level of education decreased from 13.2 to 8.8 (d.f. ϭ 1, P ϭ 0.004) after reclassification and further decreased to 7.8 after adjustment for differences in age. Table IV shows the distribution of menstrual cycle pattern by age, Table V by gynaecological age. Trend analysis on the prevalence of oligomenorrhoea or IMC by calendar age and gynaecological age was performed after exclusion of the girls before menarche, less than 6 months post-menarche or OC use. No significant trends in oligomenorrhoea or IMC were found by age. Oligomenorrhoea also showed no significant trend by gynaecological age (χ 2 for linear trend ϭ 1.8, P ϭ 0.18), but the decrease in IMC by increasing gynaecological age was highly significant (χ 2 for linear trend ϭ 38, P Ͻ 0.0001). Trend analysis was reiterated after OC users were reclassified according to their menstrual pattern and gynaecological age at the start of OC use. This changed the χ 2 values for linear trend to 3.0 (P ϭ 0.08) for oligomenorrhoea and 6.3 (P ϭ 0.01) for IMC. The decrease in χ 2 for trend from 38 to 6.3 was significant (P Ͻ 0.001). The duration the OC use was 9 Ϯ 8.8 months (mean Ϯ SD), range 1-60 months. Table VI shows a comparison between the regular menstrual cycle group and the other groups for historical parameters thought to be associated with menstrual cycle abnormalities. Well over 2% of the girls reported having a chronic disease. Girls with IMC, polymenorrhoea and those less than 6 months post-menarche more often reported chronic disease than those with RMC. The girls reporting chronic disease mentioned CNSLD and allergic disease most frequently, together in 44% of the 2% reporting chronic disease. Diabetes, congenital heart anomalies, epilepsy and morbus Pfeiffer were mentioned several times, other diseases only once. Although only 1% (44% of 2%) of the population mentioned CNSLD as a chronic disease, 5% of the participants said they had trouble from CNSLD or allergic disease. After exclusion of CNSLD and allergic disease, the significant difference between the RMC group and the other groups for chronic diseases disappeared. The above-mentioned menstrual cycle patterns showed a significant association with CNSLD or allergic disease. Approximately 5.5% of all girls in the study reported daily use of medication. Girls with RMC (Table VI) reported this in 3.9% of cases. Those in the IMC group and the OC group used daily medication in a significantly higher proportion than those in the RMC group. In all subgroups, medication for CNSLD and anti-allergy was used frequently (38% of all girls reporting daily use of medication). Furthermore, analgesics were frequently mentioned and insulin, antibiotics, homeopathic medication among others in lower frequencies. After exclusion of CNSLD and anti-allergic medication, these differences were not significant. For further data about the other historical parameters see Table VI .
Historical parameters, BMI and menstrual cycle pattern
After exclusion of the girls before menarche or less than 6 months after menarche and OC users, Mantel-Haenszel analysis was performed to evaluate the possible effect of confounding by gynaecological age on the relation between historical parameters and oligomenorrhoea or IMC compared to RMC. The prevalence ratios and their confidence intervals only changed marginally, indicating no confounding by gynaecological age (data not shown). Logistic regression analysis was performed to estimate, in a multivariate mode, the effect of historical parameters and participant characteristics on the discrimination between girls with RMC versus those with oligomenorrhoea or IMC (Table VII) . The small differences in the univariate analysis between Tables VI and VII are due to exclusion of patients with one or more unknown variables in the multivariate analysis. Gynaecological age, level of education and subjective acne had an independent contribution prgmea.com to an interactive, step-down model to discriminate the oligomenorrhoea group and the RMC group. Subjective abnormal hair growth was significant in the univariate analysis but due to a weak correlation with subjective acne; the former had no independent effect in the multivariate analysis. Gynaecological age, BMI, weight loss and CNSLD or allergic disease showed an independent contribution to discriminate the RMC and the IMC group. Polychotomous logistic regression analysis with all three groups in the model showed similar results compared to the logistic analysis. The number of patients in the polymenorrhoeic group was too small for logistic regression analysis.
Discussion
Definitions, misclassification and recall bias
The adjective 'regular' in the expression 'regular menstrual cycles' can only very seldom be used appropriately, as the variation in the length of the menstrual cycle is wide, even in women with so-called RMC. Vollman (1977) showed that a run of five or more cycles with an identical length was only found in a rate of 1.5 runs per 1000 cycles in adult women. Gunn et al. (1937) and Chiazze et al. (1968) documented that the degree of irregularity is such that only 13-16% of the women had a range of cycle lengths less than 6 days within 1 year. Considering only regularly menstruating women, Munster et al. (1992) showed, that the median of the difference between the longest and the shortest menstrual cycle in 1 year in an individual decreased by age from 11 days in adolescents aged 15-19 years to 6 days in older women.
In the present study the expression RMC is used in the sense of menstrual cycles within the range defined as normal. The distinction between regular and other menstrual cycle patterns was made on the postulated difference in risk for menstrual dysfunction at age 18 years and during adulthood, the main objective in the POMP study. Adolescents with RMC are presumed to have a low risk, those with oligomenorrhoea 2256 or polymenorrhoea to have a high risk. Adolescents with IMC are postulated to be at a low risk when they are only shortly after menarche but at a higher risk if they continue to have IMC more than several years after menarche (Southam and Richart, 1966; Gardner, 1983; Apter and Vihko, 1990 ). In our definition of RMC an average length between 22 and 41 days was permitted. RMC with an average length of more than 35 days were only reported in~2% of the population. This is in agreement with the data of Munster et al. (1992) who found that women with RMC had an average length of longer than 35 days in 0.9% and shorter than 21 days in 0.5% of the population.
The division into groups was made on information obtained from a questionnaire and an interview. It has been argued that questionnaire respondents have a tendency to overemphasize the central group of 22-35 day cycles and to underreport the outlying deviations, suggesting an underreporting of oligomenorrhoea and polymenorrhoea (Burch et al., 1967; Vollman, 1977; Bean et al., 1979) . The study of Chiazze et al. (1968) opposed this view: compared to questionnaire studies they found a much lower prevalence of oligo-and polymenorrhoea despite their estimates being based on menstrual cycle records (Widholm and Kantero, 1971; Singh, 1981; Bachmann and Kemmann, 1982) . Munster et al. (1992) documented that the magnitude of recall bias was rather small with respect to the menstrual cycle pattern in the immediately preceding year, a condition that was similar in our study. Misclassification due to recall bias in the present study may especially have occurred between the RMC group and the IMC group. If misclassification occurred, it probably was non-differential leading to an underestimation of the effect of determinants associated with IMC. Munster et al. (1992) stated that the biggest advantage of the questionnaire method is that it resembles the clinical interview situation. As Ͼ90% of the respondents also participated in the interview this statement is especially true for the present study and the chance of misclassification is likely to be comparable with the out-patient clinic situation.
prgmea.com Table VI . Odds ratios (OR) and 95% confidence intervals (CI) of the prevalence of determinants that may be associated with menstrual cycle disturbances in ninth grade adolescents with irregular menstrual cycles, oligomenorrhoea, polymenorrhoea and those before or less than 6 months after menarche or using oral contraceptives compared to the prevalence of these determinants in adolescents with regular menstrual cycles (reference group) Determinant Gynaecological age ( OR ϭ odds ratio; CI ϭ confidence interval; CNSLD ϭ chronic non-specific lung disease. *P-value for improvement of the interactive model by determinant: subjective acne, P ϭ 0.006; level of education P ϭ 0.02; gynaecological age, P ϭ 0.05. **P-value for improvement of the interactive model by determinant: gynaecological age, P ϭ 0.001; CNSLD or allergic disease, P ϭ 0.004; weight loss Ͼ5 kg, P ϭ 0.01; body mass index, P ϭ 0.05.
Prevalence of menstrual cycle patterns
The present study included the major part of the population in the region and is probably representative of the population of Caucasian ninth grade schoolgirls in the Netherlands. The prevalence of polymenorrhoea was low, 0.8%, which is comparable with the results of Chiazze et al. (1968) and Munster et al. (1992) , which were 0.2% and 0.5% respectively. The prevalence of oligomenorrhoea among adolescents more than 6 months after menarche was 5.2%. Chiazze et al. (1968) found a prevalence of oligomenorrhoea of 2.5%. Bachmann and Kemmann (1982) found a prevalence of oligomenorrhoea (cycles with intervals of 35-90 days) of 11.3% in a population of 991 college students, mean age 19.2 years. In our study oligomenorrhoea was particularly frequent among girls with a high level of education. Demands for high intellectual performance may be an explanation for this finding. Fries et al. (1974) found an overrepresentation of women with intellectual occupations among women with secondary amenorrhoea. Harlow and Matanoski (1991) used validated questionnaires to measure stress and found that high performance demands or a high perceived stress level increased the probability of having a long cycle from 4 to 7%, and that life event stress did not change this probability. No information about the menstrual cycle pattern was given. In the present study the IMC group reported stress significantly more often than the RMC group; oligomenorrhoeic girls also reported stress more often, but this was not significant. We assessed only the frequency and duration of stress and strain. A more detailed history concerning high performance demands and stress might 2258 have given an explanation for the difference in prevalence of oligomenorrhoea by level of education. The prevalence of secondary amenorrhoea (absence of menses for 180 days or more) in our study was low, 0.3%. In the literature, secondary amenorrhoea is defined variably, which influences the reported prevalence and incidence rates. Petterson et al. (1973) found an incidence rate of 3.3% for menstrual cycles longer than 3 months and 0.7% for cycles longer than 6 months.
Trends in menstrual cycle pattern by calendar and gynaecological age IMC were especially frequent (25%) during the first gynaecological year. Their frequency decreased to 12.5% in the second gynaecological year and then gradually to~6% in the fourth gynaecological year. The trend in the decrease in oligomenorrhoea by gynaecological age was less clear. This suggests that oligomenorrhoeic girls compared to those with IMC are at a higher risk of remaining oligomenorrhoeic. Other authors also described trends in short and long cycles by age and gynaecological age but these studies are hard to compare due to differences in definition of different menstrual cycle patterns and differences in age of the study population (Treloar et al., 1967; Chiazze et al., 1968; Widholm and Kantero, 1971; Vollman, 1977) .
Due to the high prevalence of OC use and changes by age in the proportion of adolescents before menarche and shortly after menarche, analysis of trends in menstrual cycle patterns by calendar age and gynaecological age is complex. For OC use a correction was explored. This analysis suggested that the decrease in IMC by gynaecological age has to be explained partly by the early start of OC use among girls with IMC. Pre-menarcheal girls and those less than 6 months postmenarche may hide some of the menstrual cycle disturbances due to physical activity, low body weight or endocrine disturbances.
BMI, weight loss and menstrual cycle pattern
The distribution of BMI by calendar age in our study is identical to that in a Dutch population based study on body fat distribution, indicating that our population is a representative sample of Dutch Caucasian girls (Weststrate et al, 1989) . Although it may be expected that the correlation between BMI and gynaecological age during adolescence is stronger than the correlation between BMI and calendar age, this has never been documented until this study. The correlation between menstrual cycle abnormalities and BMI is not very strong. As not all adolescents in our study were post-menarcheal and the BMI among pre-menarcheal girls was significantly lower than in post-menarcheal girls, menstrual cycle disturbances may be hidden in this group.
Weight loss of Ͼ5 kg in the past, irrespective if it had been followed by weight gain, was significantly more prevalent in the IMC group and the OC group, but not in the oligomenorrhoea group. Body weight and the amount of weight loss seem less important for ovulatory menstrual dysfunction than the remaining amount of body fat (Wentz, 1980) . A combination of weight loss and stress or intensive sport activities increases the frequency of abnormalities of the menstrual cycle (Bringer et al., 1997) . Rich-Edwards et al. (1994) showed, with data from the Nurses' Health Study II, that a BMI Ͼ24.0 kg/m 2 at age 18 years is a significant predictor of IMC or oligomenorrhoea from age 18-22 years and anovulatory infertility later in life. In our study no correlation was found between overweight and abnormal menstrual cycle patterns. In adolescents the degree of excess weight may be lower than in adults. In the latter, the number of anovulatory cycles increases as the degree of excess weight increases (Bray, 1997) .
Determinants of menstrual cycle pattern during adolescence
Only few studies have investigated the association of menstrual cycle disturbances and historical parameters (Fries et al., 1974; Singh, 1981; Wilson et al., 1984; Harlow and Matanoski, 1991) . These studies examined selected, older populations or had much smaller numbers of participants than the present study. Several authors reported that asthma symptoms worsened during the pre-menstrual or menstrual period (Hanley, 1981; Eliasson et al., 1986) . The association between CNSLD or allergic diseases and IMC has not been described before. A clear explanation for this finding cannot be given. It was not possible to distinguish between an effect of the disease or a medication effect since nearly all these girls took medication.
No significant influence was found of the average number of hours of physical activity and sports on the occurrence of oligomenorrhoea or IMC. Girls before menarche participated in sports significantly more than those with RMC. In the 2259 literature there is much attention focused on the relationship between physical exercise and menstrual cycle abnormalities, particularly in groups of professional athletes. In an unselected population Wilson et al. (1984) found that, with the exception of gymnastics (delayed menarche) and dancing (IMC), participation in sports had little or no impact on menstrual patterns. On the other hand, Bullen et al. (1985) demonstrated that strenuous exercise such as running 10 miles per day gave a delay of the period from 50 to 133 days in 13 out of 28 otherwise regularly menstruating women, suggesting that in any women strenuous exercise will lead to menstrual pattern changes.
Hyperandrogenism is associated with menstrual cycle abnormalities. Acne, hirsutism and overweight are signs associated with hyperandrogenism. Oligomenorrhoeic girls reported and consulted their physician or dermatologist on subjective acne, more frequently suggesting acne was worse among them. Subjective abnormal body hair growth was related to oligomenorrhoea and polymenorrhoea suggesting that hyperandrogenism occurs more often in these groups. Nipple discharge as a possible sign of galactorrhoea was not associated with menstrual cycle irregularity but it was with OC use. An influence of oestrogens on the prolactin release or more frequent nipple stimulation related to sexual activity may explain this difference (Zacur et al., 1976) . No data on prolactin concentrations or sexual activity were available.
In summary, the present study illustrated a strong trend of the prevalence of IMC associated wih gynaecological age but only a weak trend for oligomenorrhoea. Subjective acne and level of education are associated with oligomenorrhoea. Gynaecological age, low BMI, CNSLD or allergic disease, stress and strain, weight loss of Ͼ5 kg are associated with IMC. Although of clinical importance, the associations between weight loss, low body weight, stress, physical exercise or signs of hyperandrogenism and menstrual cycle patterns are only weak when studied on a population basis. The prevalence ratios of these historical parameters and participant characteristics in the oligomenorrhoeic and IMC group compared to the RMC group are low, indicating that their value in explaining abnormal menstrual cycle patterns in the general population is limited.
